
The previous progress report  described t h e  preliminary r e s u l t s  from the  
D-Region Ionospheric Probe launching (NASA Nike-Cajun 10.181). 
report  describes i n  d e t a i l  the experiments and the various payload 
sub-systems. Figure 1 i s  a schematic drawing showing the lay-out of the 
experiments and other packages i n  the payload. Figure 2 i s  a block diagram 
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' indicat ing the e l e c t r i c a l  connections between the various sub-systems. . .  
The D-Region Ionospheric Probe i s  a multiple experiment e lec t ronics  package 

_which has been designed t o  make a number of measurements i n  the D-region 
of t he  ionosphere. These measurements include: posi t ive and negative ion 
dens i t ies ,  Lyman alpha radiat ion,  electron density,  and rad ia t ion  at 1 . 2 7 ~  
by 3 (.'A ) molecules. 
motor. 
aspect sensors, Gerdien condensers along with a Lyman alpha sensor and 
associated electrometer c i r cu i t ry ,  and a radiometer; the center sect ion 
contains a VLF receiver,  two CW receivers used i n  a Faraday Rotation 
experiment and t h e i r  antennas, and a high-frequency capacitance experiment, 
the r e a r  sect ion contains a standard Nike-Cajun telemetry package, a very 
accurate voltage regulator  f o r  ca l ibra t ion  purposes, and a "G" timer and 
arming c i r c u i t  for mechanical systems actuation. 

The package i s  designed t o  f i t  onto a Cajun sustainer  
I g  i s  composed of three main sect ions:  the forward sect ion contains 

The experiments i n  the  forward and rear sect ions a re  housed i n  an aluminum 
skin whereas those i n  the  center  section a re  housed i n  a f iberg lass  skin. 
All th ree  sect ions of skin a l so  serve as  package s t ruc ture .  Enclosure of 
the  VLF and propagation receiver  antennas within the s t ruc ture  of the  package 
necessi ta ted the use of a f iberg lass  skin section. 

I n  the forward sect ion of the rocket there  are two mechanical systems which 
operate duriqg the  ea r ly  s tages  of the f l i g h t ,  The f i rs t  of these consis ts  
of a mirror.aounted on a sliding platform which is  pushed out t he  side of 
the  forward sect ion a t  ti-35 seconds. This mirror allows the  radiometer t o  
look forward along the  side of t he  rozket; it i s  housed within a l i gh t - t i gh t  
pipe and looks forward through a quartz window. The l i gh t - t i gh t  pipe 
el iminates  the  e f f ec t s  of sca t te red  l i gh t  from the s ide of the rocket and 
from the  sun. The second mechanizal system consis ts  of a p a i r  of clam 
s h e l l s  which are  discarded a t  t+45 seconds. During the ear ly  stages of the  
f l i g h t  t h e  clam s h e l l s  are  held i n  place by a s ingle  shear-bolt. A t  a time 
determined by the  "G" timer t h i s  b o l t  i s  cut  with a pyrotechnic b o l t  cu t t e r ,  
and the  clam she l l s  a re  pushed apart  and away from the rocket by several  
spr ings,  thus exposing the Gerdien condensers t o  the plasma. 

The t h i r d  mechanical system i s  located i n  the  center sect ion of the  package 
and cons is t s  of two h e l i c a l  spring antennas which a re  released when a pyro- 
technic  r e t r a c t o r  i s  f i r e d  by the "G" timer. 
probe by the high frequency capacitance experiment. 

These antennas are  used as a 
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In order to minimize interference between experiments, the electronics 
package for each is mounted in its own metal container. These metal 
containers are either attached to the skin of the package or are built 
into the coupling rings which hold the three separate sections of package 
skin together. 
electrical interference and tending to strengthen the structure of the package, 
adds measurably to its weight and wastes some volume within it. 

This system of individual packaging, while cutting down on 

A s  previously mentioned, two Gerdien condensers are mounted ahead of the 
forward section under the clam shells. 

- aluminum tubes, each enclosing a tapered probe. Both ends of each tube are 
covered by a fine tungsten grid which prevents fields within each tube from 

. fringing to its outer surface. By connecting the probe to the input of an 
'bperational amplifier, it is maintained at rocket body potential. The inner 
surface of each cylinder is maintained either at a positive voltage of +12 
volts in the case of the I+ condenser or a negative voltage of -12 volts 
in the case of the I- condenser. The outer surface and the screening grids 
of the tubes are maintained at ground potential. This biasing technique 
causes particles entering with a charge of the same polarity as that of bias 
voltage to be forced toward the probe upon entering the tube. Particles of 
the opposite polarity are collected on the inner surface of the condenser. 
The probe for the magnetic aspect sensor is mounted between the condensers. 

. These instruments are cylindrical 

Mediately behind the condensers, within the skin of the forward section 
of the package are mounted: 
the solar aspect sensor, and the Lyman alpha ionization chamber. The output 
from this ionization chamber, and the currents being collected from the 
Gerdien condensers are fed into high gain d-c operational amplifiers with 
input impedances on the order of ten kilomegohms. The output of these 
amplifiers is connected directly to the inputs of IRIG subcarrier oscillators. 
In addition to these amplifiers the electrometer amplifier package contains 
two dc to dc converters and switching circuitry which generates a voltage 
sweep approximately once every minute and connects it to the input of the 
amplifiers f o r  inflight calibrations. This sweep is also connected to a 
commutator channel where its amplitude is monitored. The electrometer 
amplifiers have an automatic ranging capability which causes them to change 
scale before saturating. The scale position of each amplifier is continuously 
monitored by the one commutator channel. 

the electronics package for the magnetometer, 

Mounted immediately behind the electrometer amplifier package is a radiometer 
which is sensitive to radiation at 1271.1 and measures O2 (alA ) molecule radiation. 
This device was purchased as an integral experiment from thg Utah State 
University. 
subcarrier oscillator channel. The radiometer also has an internally mounted 
thermistor which is monitored continuously by one commutator channel. 

Its output is connected directly to the input of one IRIG 

In the coupling ring between the forward and center sections of the package 
are mounted a VLF receiver and a dc to dc converter. The converter supplies 
- + 12 v o l t s  to the VLE' receiver and to the two Faraday Rotation Crw receivers. 
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The VLF receiver  i s  a high gain, high input impedance audio-frequency 
receiver  designed t o  detect  the  amplitude and phase of a s igna l  broadcast 
by WWVL i n  F t .  Collins,  Colorado. The phase output of t he  receiver  which 
i s  a 20 kc s igna l  modulates the telemetry t ransmit ter  d i r e c t l y  while the  
automatic gain control  of the receiver i s  connected t o  one I R I G  subcarr ier  
o sc i l l a to r .  

Immediately behind t h e  coupling r ing  and connected t o  it i s  a can containing 
both Faraday Rotation CW receivers.  
detecting cw signals  a t  2.23 me and 3.23 me. The s ignals  which are  radiated 

phase var ia t ions  i n  the resu l t ing  nul ls  a re  used t o  calculate  e lectron 

'.antennas f o r  these receivers  as wel l  as the VLF antenna. These antennas 
consis t  of f e r r i t e  rods wound with a winding tuned a t  the frequency of 
t h e i r  respective receivers .  

These a re  superhetrodyne receivers  f o r  
. 

f r o m  dipole antennas on the ground are modulated by the  rocket spin,  and 

. dens i t ies .  , Below the receiver can encapsulated i n  a pot t ing foam are  the  

The e lec t ronics  package f o r  the high frequency capacitance experiment i s  
located i n  the coupling r ing  between the center and r ea r  sections.  It i s  
sealed i n  a pressure package which i s  an i n t e g r a l  pa r t  of the  coupling ring. 
On top  of the  r ing  are  mounted two h e l i c a l  spring antennas which deploy 
rapidly a t  r igh t  angles t o  the skin of t he  rocket. 
capacitance experiment measures the permi t t iv i ty  of the  plasma at  severa l  
d i sc re t e  frequencies. 

The high frequency 

Immediately behind t h i s  r ea r  coupling r ing  i s  located a standard NASA 

of the  telemetry sect ion i s  a regulated voltage supply which provides 
0, 2.5, and 5 v o l t  reference s ignals  t o  th ree  commutator segments. Behind 
the  telemetry package there  are  four s i l v e r  cadmium b a t t e r i e s  which supply 

I telemetry package for Cajun and Apache rockets.  Located on the  top shelf  

I f i r i n g  current ,  t o  the pyrotechnic c i r cu i t s ,  and a "G" timer which provides 
timing for clamshell deployment, m i r r o r  deployment and antenna deployment. I 

When t h e  "G" timer cam i s  i n  the proper posi t ion,  it closes a r e l ay  i n  
the  f i r i n g  cTr-cuit of one of these mechanical systems. This r e l ay  closure 

I connects 8 pyrotechnic device t o  the  current source b a t t e r i e s  causing the  
I pyrotechnic device t o  f i r e .  The pyrotechnic devices f o r  the  mirror and 

antennas a re  r e t r ac to r s  which p u l l  re ta ining pins and allow e i t h e r  the 
spring antennas t o  move outward or the  mi r ro r  mount platform t o  be pushed 
out t he  s ide  of the  skin by a spring. Incorporated with the  "G" timer i s  an 
arming r e l a y  of the  la tching type which connects the  current  source b a t t e r i e s  
t o  the  various pyrotechnic f i r i n g  relays.  
be i n  t h e  arm posi t ion p r io r  t o  launch. Indicat ion of  the posi t ion of t h i s  
r e l ay  i s  avai lable  through the umbilical a t  the  cont ro l  console i n  the  block 
house . 

It i s  necessary t h a t  t h i s  re lay  

The e n t i r e  instrument package as described above i s  mounted on a Nike Cajun 
recovery package. 



I. 

'. 
4 -  

All of the  experiment packages were b u i l t  a t  I.T.S.A. with the  exception 
of the radiometer. Goddard Space Fl ight  Center provided the TM package, 
the  recovery package, and the  so la r  aspect sensor. The Research Foundation 
of the  Oklahoma S ta t e  University ass i s ted  with the mechanical and e l e c t r i c a l  
lay-out and in tegra t ion  of the  payload. 

. .  
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